Ⅰ. Introduction
Trunk stabilization exercises provide the efficiency of movements by increasing spinal and pelvic stability in performing functional postures and exercises (GarciaVaquero et al., 2012) , and are useful for maintaining balanced postures, improving muscle strength, and preventing musculoskeletal chronic diseases caused by aging (Choi et al., 2012) . In addition, the simultaneous activation of trunk muscles through trunk stabilization exercises increases spinal stability by providing segmental fixation to the structure around the spine against large loads (Marshall et al., 2005; Vera-Garcia et al., 2007; Ha et al., 2013) . When there is segmental instability in the spine, the contraction of global muscles during movements causes pressing and shearing forces, which subsequently cause major pain in the lumbopelvic region and stress on the tissues within the range of motion (ROM) (Kisner and Colby, 2012) . Therefore, for trunk stabilization exercises, while the activity of each muscle during physical movements is important to provide a stable structure, the ratio of local to global muscles is duly important (Stevens et al., 2006; Hodges and Moseley, 2003) .
In general, pelvic tilt exercise, abdominal draw-in maneuver, and bridging exercise, which are frequently used in clinical practice, are suggested for trunk stabilization exercises (Hubley-Kozey and Vezina, 2002) . As a closed kinetic chain exercise, bridging exercise can conveniently induce the contraction of the multifidus and transversus abdominis. In addition, as this exercise improves the coordination of global muscles in the body surface and local muscles in the deep part (O'sullivan et al., 1997) , it is effective not only in controlling the trunk (O'sullivan et al., 1997; Stevens et al., 2006) , but also in strengthening extensors in the hip and lower limbs (Kisner and Colby, 2012) . For this reason, bridging exercise is also used in rehabilitation exercises for patients with lumbar pain or rehabilitation training for sports players through various applications in clinical practice (Behm et al., 2010) . In recent years, some revised methods have been suggested for the existing bridging exercise. First, postures are modified or movements are added so that the supine, lateral, and prone positions are performed during bridging exercise and the trunk muscle activity of each posture is compared (Bjerkefors et al., 2010; McGill and Karpowicz, 2009 ).
Another approach is to perform bridging exercise by applying unstable surfaces such as the TOGU ball, BOSU ball, and Swiss ball (Imai et al., 2010; Stevens et al., 2006; Desai and Marshall, 2010) . The application of these unstable surfaces increases the activation of muscles required to maintain postural stability in the spine and trunk (Son et al., 2009; Imai et al., 2010; Czaprowski et al., 2014) . In addition, the application of resistance exercise to the limbs during bridging exercise on an unstable surface increases the activation of trunk muscles as stabilizers (Behm et al., 2005) . Another method suggests the combined use of bridging exercise and the sling. As the bridging exercise applying the sling provides more unstable elements than the traditional bridging exercise, it helps perform trunk stabilization exercises by increasing the activation of local muscles located in the deep trunk (Saliba et al., 2010) .
In addition, the sling is effective in providing a reduction in gravity, which is a major advantage of aquatic exercise therapy. Therefore, it is used in the mobilization of joints, stretching, muscle endurance training, relaxation, and trunk stabilization through various modifications (Kirkesola, 2001) .
A review of the existing studies shows that some studies researched various bridging exercise methods that include applying the internal resistance of the trunk such as combining the movements of the upper or lower limbs during bridging exercise (Marshall and Murphy, 2005; Murphy and Wilson, 1996) , and combining bridging exercise with unstable surfaces such as the TOGU ball, Swiss ball, and sling by mostly applying them to the lower limbs. However, a relatively small number of studies examined the activation of trunk muscles during bridging exercise by changing the base of support for the shoulders.
Therefore, the purpose of this study is to suggest effective trunk stabilization exercises by conducting a comparative analysis on the methods of changing the base of support for the shoulders in performing bridging exercise that is used as a trunk stabilization exercise. 
EMG recording and data processing
To measure the muscle activities of erector spinae (ES), rectus abdominis (RA), external oblique (EO), internal oblique (IO), EMG data was collected using a Telescan program and EMG system (LXM3204, LAXTHA Inc., KOREA). The signals were amplified with an overall gain of 1210Hz. The raw signal was band-pass filtered between 50 to 500Hz and bandstop filters (60Hz) were used.
Normalization of EMG corresponding maximal EMG amplitude allows interindivisual comparison to the individual maximum.
Root mean square (RMS) was calculated for raw EMG measurement data. The MVIC test positions were performed in according to Kendall et al. (2005) . The MVICs of the muscles were measured in three trials before the tasks. To obtain a measurement, EMG signal was recorded continuously for 10s and calculated to determine the %MVIC for middle 6s. EMG electrodes were placed at 2cm laterally to spinous process of L2 for ES. For RA, 5cm lateral to umbilicus; for IO, halfway between the ASIS and umbilicus; For EO, 15cm lateral to umbilicus (Cholewicki and McGill, 1996) .
Experimental design
The bridge exercise was performed under 5 experimental conditions ( Fig. 1 ) : bridge exercise with their shoulders on a stable table (1/2 knee height, knee height), and on a sling (1/2 knee height, knee height), conventional bridge exercise. The height of shoulder-support surface was defined as the patellar height from floor in standing position for each subject.
Three trials for every condition were performed in a random sequence. The tasks were performed with 10s durations each, 1 min resting interval. EMG measurement was performed during the middle 6s.
Statistical analysis
All data were analyzed using SPSS version 21.0 (SPSS, INC., USA), the level of statistical significance was set at α=.05. Analysis of variance (ANOVA) was used to compare the %MVIC of the 4 muscles for 5 positions, if significance differences were detected, Tukey HSD was carried out to identify differences.
Ⅲ. Results

General characteristics
Subject characteristics are summarized in 
Ⅳ. Discussion
This study intended to examine changes in trunk muscle activation during bridging exercise that is commonly used for trunk stabilization when providing an unstable surface to the base of support for the shoulders or changing the height of the base of support for the shoulders. As a result, when a bridging exercise was performed or the base of support for the shoulders became unstable through the use of a sling, except the erector spinae (ES), the muscle activities of the rectus abdominis (RA), external abdominal oblique (EO), and internal abdominal oblique (IO) statistically significantly increased. When the base of support for the shoulders was adjusted to knee height on a stable surface, the IO/RA ratio increased.
As bridging exercise generates the tension of the thoracolumbar fascia and intra-abdominal pressure, it induces the contraction of the IO while maintaining segmental stability (Hodges and Richardson, 1998 ) and contributes to improving the stability of trunk muscles through the control of muscles around the lumbopelvic region (Akuthota and Nadler, 2004) . According to the results of precedent studies, the proper activation of local muscles is required to realize optimal stability during trunk stabilization exercises (Richardson et al., 2004; Hodges et al., 1999) . For the activation of local muscles, various recent studies have made attempts to change the existing bridging exercise, such as applying an unstable surface to the base of support for the legs (Stevens et al., 2006; Marshall and Murphy, 2008) and adding the movements of the limbs during bridging exercise (Kim et al., 2013) .
In this study, when a sling was applied to the base of support for the shoulders during bridging exercise, except the ES, the muscle activities of the RA, IO, and EO statistically significantly increased. Marshall and Murphy (2005) conducted a study in which a Swiss ball was applied to the base of support for the legs during a trunk stabilization exercise and found a statistically significant increase in the muscle activity of the RA. They explained this as the result of a higher level of trunk muscle activity to maintain the center of the body as the Swiss ball provides instability to the body. This is similar to the result of the present study. Desai and Marshall (2010) stated that the application of unstable surfaces such as the TOGU ball and Swiss ball during stabilization exercises decreases physical balance as these surfaces increase lumbar movements compared to stable surfaces, and subsequently increases the risk of falls. However, they noted that the provision of these unstable surfaces during rehabilitation increases trunk muscle activation, and thus can be applied as a balance strategy.
In a study by Kim et al. (2013) , the subjects performed additional arm movements while the Swiss ball was placed between their shoulder blades and the floor. Here, as the arm movements on the unstable surface worked as internal resistance, the activation of the IO increased. In the present study, when an unstable surface using a sling was applied to the base of support for the shoulders, except the ES, the muscle activities of the remaining RA, IO, and EO statistically significantly increased. Therefore, using the sling as an unstable surface may be more effective in stimulating the IO that is a local muscle. In a study by Lehman et al. (2005) , they compared trunk muscle activation using a Swiss ball in various bridging exercise postures, and reported statistically significant increases in the activation of the RA and EO due to a reduction in the stability of the surface, but no statistically significant differences in the activation of the IO and ES. As a reason for this, they pointed out large variations in the activation of the IO across the study's ten subjects. This illustrated the effects of inter-experimental variations in verbal instructions and sensory feedback on muscle activation.
Unlike this result, the present study did not show changes in the muscle activity of the ES, but showed statistically significant increases in the muscle activities of the RA, EO, and IO. This may be because, unlike the Swiss ball, the application of the sling activated the local muscles.
A previous study reported that the application of a sling is more effective for trunk stabilization exercises than that of the existing bridging exercise or a Swiss ball because it increases the activation of local muscles of the trunk, such as the IO and transervers abdominis (Dannelly et al., 2011; Stuge et al., 2004) . Arokoski et al. (2001) stated that the activation of abdominal muscles is generally lower than the activation of muscles around the spine during bridging exercise, which is because the load generated during the bridging exercise is focused on the muscles around the spine. Therefore, to compensate for the high activation of muscles around the spine, as with the transervers abdominis and the multifidus, the IO, which is a local muscle, is involved in the segmental stability of the spine, and the activation of the RA and EO, which are global muscles, increases.
As a result, this simultaneously generates posterior pelvic tilts and trunk flexion. The present study also showed that when the sling was applied, the EO/RA ratio was higher than the IO/RA ratio although there was no statistically significant difference. This coincides with the result of a study by Imai et al. (2010) that during a stabilization exercise on an unstable surface, the activation of the EO increased to control the movements of trunk flexion and rotation.
The activation ratio of local versus global muscles (e.g.
IO/RA, EO/RA) is not only a sensitive discriminator of altered recruitment patterns but also a important component of a therapeutic exercise program. Marshall and Murphy (2005) noted that the analysis of the IO/RA ratio is important to learn about the performance of stabilization exercises that minimize the activation of the RA compared to other muscles in the lumbopelvic region. In the present study, when the base of support for the shoulders was set as a stable surface at knee height during bridging exercise, the highest IO/RA ratio was observed. From this aspect, as each individual posture changes muscle activity and the co-operation of muscles, during stabilization exercises, it is necessary to consider muscle ratios and use them according to the purpose of exercise, rather than to activate specific muscles.
The present study examined the effects of bridging exercise, which is commonly used in clinical practice, on trunk muscle activation when the base of support for the shoulders was changed. When the base of support for the shoulders was lifted using a sling and an unstable surface was applied, the activation of the trunk muscles RA, EO, and IO increased. In addition, when only the height of the base of support for the shoulders was changed on a stable surface, the highest IO/RA ratio was confirmed. This study has some limitations that sample size is relatively small and all the subjects were healthy adults in their twenties. And this study focused merely between bridge exercise and global muscle activation of the trunk. We did not measure the transversus abdominis and multifidus as local muscles. Therefore, various studies are required
The Effects of a Bridging Exercise Applying Changes in the Base of Support for the Shoulders on Trunk Muscle Activation to examine the effects of bridging exercise on the trunk muscle activation of patients with lumbar pain when the base of support for the shoulders is changed.
Ⅴ. Conclusion
The present study examined changes in trunk muscle activity according to changes in the stability and height of the base of support for the shoulders during bridging exercise. When the bridging exercise was performed using a sling, which was an unstable surface, at the half of knee height, the highest trunk muscle activity was shown. When a stable surface was applied at knee height, the highest IO/RA ratio was observed. Based on this result, using various bases of support and changing the height of these bases during bridging exercise is likely to help perform effective trunk stabilization exercises. Furthermore clinicians can apply adequate bridge exercise to prevent musculoskeletal disease or to improve the trunk muscle strength in clinical setting.
